INTRODUCTION {#s1}
============

Down syndrome (DS) is often characterized by orthopaedic diseases, including upper cervical spine instability, hip dislocation, and scoliosis[@r1],[@r2],[@r3]^)^. A frequent orthopaedic complication of DS is flatfoot[@r3]^)^ and the prevalence of flatfoot is 60--88% in people with DS[@r4], [@r5]^)^. Moreover, a significant relationship between flatfoot and general joint laxity has been shown[@r6]^)^; indeed, many people with DS have been reported to have joint laxity[@r7], [@r8]^)^. Currently, flatfoot is diagnosed using a simple radiographic image. The angle between the base of the calcaneus and the sole is defined as the calcaneal pitch (CP) or the calcaneal inclination angle. In adults with flatfoot, the diagnosis is confirmed based on the decrease in CP and declination of the talus angle. However, because of the expense and radiation exposure, simple radiographic imaging is not always feasible. Therefore, a non-invasive and simple measurement method is needed.

Currently, the arch height ratio (AHR) of the foot is a simple and appropriate way to evaluate flatfoot[@r9]^)^. The foot AHR measurement method calculates the ratio of the navicular bone height to the foot length[@r9]^)^.This method does not require a radiograph, thus helping patients, who require this assessment, avoid radiation exposure. Additionally, unnecessary expenses are also attenuated. This measurement method was compared to the Yokokura method using simple radiographic images, and was shown to be valid as a measurement method[@r10]^)^. Moreover, the navicular bone has been used as an index, and the relevance of using the AHR as an indicator for healthy volunteers was verified in previous studies[@r9], [@r11]^)^. Intra-rater reliability of the AHR was also confirmed in participants with DS[@r12]^)^. However, it is difficult to detect the navicular tuberosity in participants with DS, which depends on the degree of proptosis and the height of the spur, from the foot surface. Additionally, detecting the navicular bone is difficult in patients with DS because they often cannot cooperate with standing silent long time. Even if detecting the navicular bone is able in patients without intellectual disability, evaluating the navicular is more difficult in patients with intellectual disability following a tester's instruction. Therefore, in the present study, we verified another method using the medial and lateral malleoli (MM and LM, respectively) instead of the navicular bone using the AHR method to evaluate the degree of flatfoot on a medial longitudinal arch (MLA).

Furthermore, the usefulness and ease of the method using the malleoli are not clear. Easy measurement of the evaluation parameters is required in the clinical setting. One of the important criteria for evaluating flat feet is the ease of palpation, and anatomically, the malleoli are easy to detect on visual inspection. Therefore, we verified whether the MM and LM correlated with the navicular bone on radiographs for use as indices to evaluate the degree of flatfoot. Moreover, as the AHR is the ratio between the height of the navicular bone and foot length, if there is a correlation between the height of the navicular bone from the sole and that of the MM and LM, we can use MM and LM as landmarks instead of the navicular bone for the AHR. Therefore, the purpose of the present study was to understand whether the malleoli were appropriate for use as landmarks. To the best of our knowledge, the use of the malleoli has not been reported in normal children or in those with DS, and this study was done as a preliminary study for understanding whether patients with DS were also able to be subjected to an evaluation and for developing a simple and non-invasive evaluation method.

PARTICIPANTS AND METHODS {#s2}
========================

This was a retrospective study. We selected participants with DS who had foot radiographs taken at our hospital between August 2008 and May 2018, and who were diagnosed with flatfoot. This study was approved by the Ethics Committee (approval no. e157) and was endorsed by the Research Ethics Committee at our hospital. Participants had the right to opt-out of the study at any time. The research manager could be contacted (via details available on a poster within the hospital) for participants to assert the right to leave the study.

The right foot was arbitrarily unified for measurement. We measured the foot only with the participant standing in weight-bearing conditions. Lateral views of the digital radiographs of the foot were analysed. The Lateral radiographs were taken standing on one leg with the targeted foot. If a participant lost balance, a staff member standing by supported them. Measurements on simple radiograph images were conducted based on the Yokokura method[@r10]^)^. In this method, the lowest point of the calcaneus is defined as point O. The lowest point of the medial sesamoid bone is defined as Y point. The baseline is drawn between points O and Y. However, ossification of the sesamoids in feet commences at 8 and 9 years for girls and boys, respectively, and is completed by the age of 10 years for both genders in the Arab population[@r13]^)^. In this study, some participants less than 10 years old did not show a clear sesamoid on the radiograph. Therefore, we defined the lowest point of the first metatarsal head as the modified Y point instead of the original Y point ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Modified landmarks based on the Yokokura method[@r10]^)^.Modified method of Yokokura: a baseline is drawn between the lowest point of the medial sesamoid bone and that of the calcaneus at the original method. With the modified method, the baseline was drawn between the lowest point of the first metatarsal head and that of the calcaneus.C: the centre of the talo-navicular joint between the talus and the navicular.M: the lowest apex of medial malleolus.L: the lowest apex of lateral malleolus.). The line drawn between O and modified Y was set as the reference line. The centre of the talo-navicular joint between the talus and the navicular is defined as point C, and it represents the navicular bone height from the reference line ([Fig. 1](#fig_001){ref-type="fig"}). The lowest apex of MM was set as point M, and that of LM was point L. The distances from the reference line of the points M and L were defined as height of MM and LM, respectively.

Pearson's correlation analysis was conducted to examine the relationship between measured parameters. Statistical analyses were performed using SPSS Statistics ver. 24 (IBM Corp., NY, USA). The level of statistical significance was set at p=0.01.

RESULTS {#s3}
=======

A total of 16 feet from 16 children with DS (mean age, 13.3 ± 6.5 years; range, 5.2 to 25.3 years) were included. [Table 1](#tbl_001){ref-type="table"}Table 1.Parameters measured on a radiograph in a population with Down syndromeNoAge (years)M: Height of MM (mm)L: Height of LM (mm)C: Height of TN (mm)122.357.248.138.5218.251.947.234.8323.256.544.037.9411.946.835.627.2510.252.241.233.5622.142.733.623.979.449.235.924.189.847.833.326.998.740.434.524.4108.751.536.328.6115.243.732.321.0125.446.133.521.51325.348.339.131.8146.945.030.426.11513.843.338.926.71611.754.539.634.6Mean13.348.637.728.8SD6.54.95.15.4SD: standard deviation; MM: medial malleolus; LM: lateral malleolus; TN: talo-navicular joint. shows the age of the children with DS, the height of the MM and that of the LM, and the navicular bone height. Correlation analysis showed significant correlations between the height of point C and that of points M and L (r=0.86, p\<0.001; r=0.88, p\<0.001, respectively).

DISCUSSION {#s4}
==========

We found a strong positive correlation between the navicular bone height of patients with DS and the height of the MM and LM. In other words, as the height from the sole to the navicular bone increased, the height of MM and LM also increased. Therefore, it appears that it may be valid to evaluate the degree of MLA formation using MM and LM as bone indices instead of the navicular bone.

In the present study, a strong correlation between scaphoid height and heights of both the MM and the LM was observed. Therefore, it is conceivable to wonder which malleolus might be more suitable as a landmark instead of the navicular bone. The MM is located inside the foot as is the navicular bone, and it is close to the bone. By contrast, the LM is farther away from the navicular bone, and it is located outside the foot. Furthermore, it is important to distinguish the fibula from the tibia, as the fibula moves downward when the ankle is plantarflexed and upward when the ankle is dorsiflexed[@r14]^)^. Thus, the height of LM possibly fluctuates, depending on the stance of the feet.

Moreover, we believe that the LM is not adequate for the scaphoid as an index in the clinical setting for two reasons: first, the previously mentioned distance of the LM from the navicular bone is farther, and second, it is considered that valgus knees frequently observed in DS decrease the height of MM and increase the height of LM[@r15], [@r16]^)^. Further, the mechanism of decrease in the MLA that causes flatfoot should also be taken into account: When the foot cannot support the load applied to the tibia, the talus slides down from the calcaneus and thereafter between the calcaneus and the scaphoid in a sagittal plane because both sides of the talus are surrounded by the bony ends of the tibia and fibula (the MM and LM)[@r17]^)^. Simultaneously, the calcaneus moves backwards as the sliding talus pushes down the calcaneus, and the calcaneo-navicular ligament becomes tense. Therefore, the navicular bone is pulled down as the position of the calcaneus goes backward. Therefore, the MLA would lower in accordance with the dropping of the navicular bone. The tibia anatomically has a larger contact surface with the talus, and the load on the weight-bearing foot is mainly supported by the tibia[@r18]^)^. Thus, it is believed that the tibia and the decrease in the MLA are closely related. Taken together, the physical proximity between the MM and navicular bone and the association between the tibia and the declination of the MLA indicate that MM would be a more suitable bony landmark to be used in place of the navicular bone than LM.

The M point, indicating the tip of the MM was used for analysis of simple radiograph images in this study. However, it is difficult to palpate the tip of the MM from the foot surface and ease of palpation is an essential prerequisite of an evaluation index. Moreover, reliability, reproducibility, as indicated by a high inter- and intra-rater agreement, and objectivity are also required for clinical evaluation. Therefore, in contrast to the tip of the MM determined on a simple radiographic image as in this study, the maximum protruding part of the MM that is often used for measurement of the spino-malleolus distance is thought to be a relatively easy to palpate. Therefore, we believe that the reliability and objectivity of the maximum protruding part of the MM is used as an index instead.

This study had some limitations that must be acknowledged. First, this study was retrospective in design. Moreover, the knee alignment could not be confirmed in any of the cases. However, we believe that even if DS patients with valgus knee were included as participants in this study, the relative location of MM would be constant because the position of both the MM and the navicular bone change simultaneously. Conversely, we believe that the position of the LM relative to that of the navicular bone would be changed if the height of the LM increases with genu valgum. We intend to evaluate the alignment of the knee in a further study to clarify this point. However, we did not directly measure the height of the navicular bone and that of the MM and LM from the foot surface. Therefore, we conducted this study as a preliminary study as we mentioned in Introduction. In order to implement the use of MM instead of the navicular bone as a bony landmark in clinical practice, the actual evaluation with MM from the surface is needed to do, and further studies that the results of the measurement of MM are compared with a radiograph are needed.

Altogether, the malleoli could substitute for the navicular bone as landmarks. Considering the close physical distance between the MM and navicular bone and the association between the tibia and MLA, the MM may be a better landmark than LM in patients with DS. However, further studies are required to overcome the limitations of this study so that the MM can be used instead of navicular bone as a bony landmark to diagnose flatfoot in clinical practice.
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